AMIDD Lecture 2: Biological Sequence Analysis

BIOLOGY' 15 LARGELY SOVED
DNA 15 THE SOURCE CODE
FOR OUR BODIES, NOW THAT
GENE SEQUENCING IS ERSY,
WE JUST HAVE TO READ IT.

IT'S NOT JUST “SOURCE
CODE" THERES A TON
OF FEEDBACK AND
EXTERNAL PROCESSING.

[

BUT EVENIF IT WERE, DNA IS THE
RESULT OF THE MOST AGBRESSIVE
OPTIMIZATION PROCESS IN THE
UNIVERSE, RUNNING N PARALLEL
AT EVERY LEVEL, IN EVERY LVING
THING, FOR FOUR BILLION YEARS.

ITS sTil L JUST CODE.

? Fur

OK, TRY OPENING GOOGLE.COM
AND CLICKING *VIEW SOURCE”

| okz-.onvveon

THATS JUST A FEW YEARS OF

OPTIMIZATION BY GOOGLE. DEVS.
DNA 1S THOUSANDS OF TiMES
LONGER AND LAY, LAY WORSE..

\ oL, BIOLOGY
K IMPRSSIBLE.

_

DNA by Randall Munroe, https://xkcd.com/1605/
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I Pharmaceutical Sciences, Pharma Research and Early Development, Roche Innovation Center Basel, F. Hoffmann-La Roche

2 Department of Mathematics and Informatics, University of Basel




Part of the source code of Google.com
As of 24.09.2019

C © view-source:google.com a w WD
Hioapps M3 B ® @ bioinfo & Notes & rocHe [ wec

<html itemscope=" tp://schema.or, charset="UTF-B"><meta conten igin" name="referrer’><meta content="/images/branding/googleg/lx/goozleg sta or_128dp.png" itemprop="image"r<msta content="origin" name="referr
<titlerGoogled/titlercs o Q/phiQ==">(function() {window. google={KET: 'CrkIXYGUACLSkEWSSr74CA"  KEXPT: '31", authuser:8,kscs: ' d9d7801_CrIXVGUACLSkEWSSr74CA" ,uz  ed2d7801" ,kGL: 'CH', kBL: 'NFYd' };go0gle. sn="webhp' ;200gle . kHL="en-CH' ;google. jsfz="Ffpdie'53) ()3
(Fun:tlun(){guugle 1lc=[];google. 1i=@; google .getEI=function(z){for(var b;ads(!a.getAttribute||! (b=a.getAttribute("eid"}));)a=a.parenthode;return b||google.kEI};google. getlEI=function(a}{far(var b=null;as&(!a.getAttribute||!(b=a.getAttribute("leid"))); Ja=a.parentNode;return
window. location.protocol};google. ml=function(){return null};google.time=function(){return({new Date).getTime()};go0gle. log=Ffunction(a,b,e,c,g){if(a= guug]e logUrl(a,b,e,c,g)){
cogle . 11;6[#]b;b.0ner rar=b. onload-b.onabor t=function{ ) {de lete d[£]};gongle.veliigoogle vel. ludigaogle.vel. lu(a) ;b. src=n; google. 1i=F+13 3 2oogle  1ogUr 1=Func tion(a, b, e, ¢,e) {var 161175 ]
+google. setET(c),~1==b. search("Elei=")aa(cozoogle . petLET (c) JBR(d+="Elei="50) ) ;c=""; | s8agoogle. Chidah-1==b. search("Ecsnid=")aE"s1n" |=s88( c="ECsnic="+google .cshid) ja=e | |"/"+ (2| | “gen_ 2@4")+ Patyp=ikct="+a+"&cad="+bed+f+"Ezx="+google . time()+c;/*nttp: /i.test (a)iGgoogle. hitps()a&
(google.ml{Error("a"), !1,{src:a, glmm: 1}),a="");return a};}).call(this); (function(){google.y={};google .x=Function(a,b){if (a}var c=a.id;else{do c=Math.random();while(google.y[c])}google.y[c]=[a,b];return!1};google. In=[ ];google. plm=Ffunction(a)
{google.lm.push.apply(google.1lm,a)} ;g00gle. 1g=[ ] ;google . load=Function(a,b,c){google. 1q.push{[[a],b,c])};google. loadAll=function(a,b){google.1q. push([a,b])};}).call(this) ;gaogle. F={}; (function(){google. hs={h: true};})(); (function(){google.c={}; (function{){var f=window.performance;var
unctien(a,b,c){a.addEventListener2a.addEventListener(b, ¢, !1) :a.attachEventa&a.attachEvent{"on"+b,c) };google. timers={}; google.startTick=Function(a){google. timers[a]={t: {start: google.time()},e:{},m: {}}}; google. tick=Function{a,b,c){google. timers[a]| | google.startTick(a);c=void H
cogle.time();b instanceof Array||(b=[b]);for{var e=2,d;d=b[e++];)google.timers[a].t[d]=c};go0gle. c.e=function(a,b,c){google. timers[a].e[b]=c};gongle. c.b=function(a){var b=google.timers.load.m;b[a]aé&google.ml(Error{"a"), 1,{m:a});b(al=10};2008le.c.
L cogle. timers.load.m;if(b[a])}{blal=!1;for(a in b)if(b[a])return;google. csiReport()else google.ml(Error("b"),!1,{m:a})};z00gle.rll=function(a,b,c){var e=function(d){c(d);d=2;a.addEventlisteners
5.removeEventlistener("load”,d,!1):a.attachEventite. detachEvent ("onload", d);d=e;5. addiventlisteneria, removeEvent Listener("error”, d, 11) 1a. attachEventila. detachEvent ("onerror®, d) };g(a, "load" &) ;b&kg(a, "error”, ) };google .aft=function(a){a. setAttribute( "data-
iml",google.time())};google. startTick("load");var h=google.timers.load;a:{var k=h.t;if(f){var 1=f.timing;if(1){var m=1.navigationStart,n=1.responseStart;if({n>m&&n<=k.start){k.start=n;h.usrt=n-m;break a}}f.nows&
(h.wsrt=Math.floor(f.now()))}}google.c.b{"pr");google.c.b{"xe");}).call(this};}3)(}; (function{){var b=[function{){google.tick&google.tick("load","dc1")}];g00gle.dclc=Function(a){b.length?b.push(a):a()};function c(){for(var a;a=b.shift();)a()}window.addEventListener?
(document . sddEvent istenar { “DONContent Loaded" ¢, 1), window . addzuentListenar("1oad",c, 1)) swindow. at tachEventalidindow. at tachEvent ("onload”, )5 ). call(thiz); (Function( ){var b=[1;0081e.Jsc—{xc:b,x: Function(a){b.oush(a)},mm: [1,m: function(a) {gonale. Jsc.mn. length| |
(google.isc.mm=a)1}1;}) .call(this); (function(){var g=this||self,k-Date.now| |function(){returnsnew Date}jvar t={};var v=function(s,d){if(null===d)return!1;if("contains"in b&&1-=d.nodeType)raturn b i ;if("compareDocumentPosition”in b)return b==d||!!
{b.compareDocumentPosition(d)&16);or (;d8&b!=d; )d=d.parentNode; return d==b};var w=function(b,d){return function(a){al|(a=window.event);return d.call(b,a)}},B=Function(b){b=b.target||b.srcElement;!b.getAttributedab. parentlodeds(b=b.parentNode) jreturn b},
navigatord&/Macintosh/.test(navigator.userhgent) D="undefined" ! =typeof navigator&a!/Opera/.test{navigator.userAgent)&s/ vebXit/ test(navigator.useragent),E={A:1, INPUT:1, TEXTAREA:1,5ELECT:1,BUTTON: 1}, aa=function{}{this._mouseEventsPrevented=!8},F=
{A:13,BUTTON: @, CHECKBOX: 32, COMBOBOX :13,GRIDCELL: 13, LINK:13,LISTBOX:13,MENU:@, MENUBAR : 8, MENUITEM: @, MENULTEMCHECKBOX : @, MENUITEMRADIO: @, 0PTION 0:32,RADIOGROUP: 32,RESET: @, SUBMIT :@, SHITCH: 32, TAB: @, TREE: 13, TREEITEM: 13}, G={ CHECKBOX: ! @,0PTION: ! @,RADIO: 18}, H=
{COLOR: 18,DATE : 10, DATETINE + 13, "DATETTHE-LOCAL" 1 1, EMATL : 12, NONTH: |0, NUMBER: |0, PASSWORD |8, RANGE : 18, SEARCH: 12, TEL+ |, TEXT: 10, TEXTAREA: 10, TINE : 18, URL: 10, WEEK 10}, ba-
{A:10,AREA: 19, BUTTON: 19,DIALOG: 19, IMG: 1@, TNPUT: 1@, LTNK: 1@, MENU: |2, 0PTGROUR : 19, OPTION: 19, PROGRESS 1 18, SELECT: 19, TEXTAREA: 1@} ;var I=function{){this.h=this.a=null},K=function(b,d){var a=1;a.a=bja.h=d;return a};I.prototype.g=function(}{var b=this.a;this.adathis.a!=this.h?

i i5.5.__owner| |this.a.parentlode:this.a=null;return b};var L=function(){thi i i ulljthis.j=!1};L.prototype.g=function(){if{this.j)return J.g();if(this.al=this.i.length){var b=this.i[this.a];this.a++;b!=this ha&b&Ab. _ownerad
__owner,this.h));return bjreturn null};var J=new I,M=new L;var P=function(){this.c: is.j={};this.h=null;this.i=[];0(this,"_custom")},ca="undefined"!=typeof navigator&a/iPhone|iPad|iPod/.test(navigator.userAgent),Q=5tring.prototype.trim?
function(b){return b.trim()}:function(b){return b.replace(/*\s+/,"").replace(/\s+$/,""}},da=/\s*;\s*/,ia=function(b,d){return function(a){var c=d;if("_ Y{e=a.detail;if (tcl|tc._type)return;e=c._type}var e;if("click
(C&aa.metakey| | C&ka.ctrlkey| | 2==a.which | [null==a.which&&d==3.button| |a.shiftkey))c=

2"clickmod”;else{var f=a.which||a.keyCode||a.key;Das (F= &8321=F)F=!11;else{var 1=B{a),h=(1.getattribute("role")||1.type| |1 taghane) . toUppercase(),m; (m="keydown" =a.type| ! ("getattribute"in 18&!({1.getAttribute("type")||1.taghame). toUpperCase()in
1.taghame. toUpperCase ()8! 1. LsContentEditable) | |a. ctr‘lKeylla shiftkey| |a.altkey||a.metakey || (1. getattribute("type") | | 1. taglians). folpperCase()in G8&32==F) | |((m=1.tagllzme in E)||(n=1.getactributeliode("tabindex"), m=nulli=nsdn. specified) m=1 (nS&!1. clsabled)) m?
1.taghame. topperCase() | |1.type,m=! (n in F)&&13==F,f=(==F[h])%F| |m)8&!!1)}8&(c="clickkey")}h=a.srcElement| |a. target; F=R(c,a,h,"",null);a.path? (M. 1,1=M) :1=K(h, this); for(;m=1.g(); {m=e=m;var n=c;var p jsaction;if(!p){var
ull; "getAttributein mas(p= getatt dbute("jsaction”)); i (us )= t[ul3 () {p={)sFor(var x=u.split(da), eamx?x. lengtn:0,y=0sy<easyss) {var r=x[y1;iF(r){var ) LF2=13Q(r.substr(8,z)): "click” ;r=N2Q(r.substr(z+1) ) :r;p[fal=r}}t[ul=p}m._jsaction=p}else
__jsaction=p} nlIm.ciick| | (n="clickonly");n=¢m:n,action:m{n]||",event:null,s: 11} ;F=R(n.m,n.event | |a,h,n.action| |*", &, f . timeStamp);if(n.5| [n.action)break}fa&"touchend"==F eventType&a(f. event._preventMouseEvents=aa);if(na&n.action)
{4F(h="cTickkey"==c)n=B(a) , h=(n. type| \n tagliane) tolpperCase(), (h=32==(a.uhich | |a.keyCode | |a. key )aa" CHECKEO 3} [{(h=B(a),1=(h.getattribute("role") | |h.taghame) .toUpperCase(),h="BUTTON (n.taghame.toUpperCase()in ba)||"A"==1| |"SELECT"==1] |
(h.getAttribute("type")| | h.taghame) .toUpperCase{)in G||(nh.getAttribute("type")||n.taghame).toUpperCase()in H2!1:10);h&&(a.preventDefault?a.preventDefault() :a.returnValue=!1);if ("nouseenter”==c||"mouseleave”==c)if(h=a.relatedTarget, !
. | "mouseout "==a. type&& mouseleave”==c)| |n&&( |v{e,n)))f.action="",f.actionElement=null;else{c=(};for(var q in a)"function” ypeof a[qla&"srcElement”!==g&&
3|"target"!==qs&(c[al=ala]};c. type="mouseover" type?"mouseenter”: "mouseleave” jc.target=c.srcElement=e;c.bubbles=11;.event=c; . targetElement=e}}else f.action="",f.actionElement=null;e=F;b.h&s
(g=R(=.eventTyps,=.event, . targetElement e action, e actionElemeant, e. timeStamp) , "clickonly"==q. event Typea&(a. eventType="c1lick"),b.n(a, |8) ); if (e.actionE lement) {if (b.h) "A" | =e.actionElement . taghame| |"click”
a.preventDefault():a.returnValue=11),b.h{e);else{if({g=
4|g.document )&&! q.createEventa&g. createEventObject)try{var A=g.createEventObject(a)}catch(la){

9 B

News TR Math&sStat Biology Bioinfo z BEDA Wiki : Bioinfowiki Programming z MyRocheBlog @ ey » Other bookmarks

lebPage” lang="en-CH"><head><me

~function(a){var

"undefined" | =typeof

lickmod" !=e.eventType|| (5. preventDefault?

2. eventTypeaa”

}else A=aje.event=A;b.1.push(e) }if("touchend"==e.event . typede.event._mouseEventsPrevented){a=e.event;for(var ma in a);k()}}}},R=function(b,d,a,c,e,f)
{return{eventType:b,event :d, targetElement:a,action:c, actionElement e, timeStamo: €| [k(}}},ha={}, Ja=function(b,d}{return function(a){var c=b, !1;"mouseenter”==c2c="mouseover” : "nouseleave"==c&A(c="mouseout ") ; 1 (a.addEventListener) {1f{"focus"==c| | "blur"
5"error”==c| | “load"==c}f=1@;a.addEventListener(c,e,f)}else a.attachEvent&&("focus"==cic=" in":"blur"==c&&(c="focusout"),e=w(a,e},a. atta:hE\'ent("nn'H-t e));return{mic,l:e,capture:¥}}},0=Ffunction(b,d){if(!b.j.hasOwnProperty(d}){var
s=ia(b,d),c=ja(d,a);b.3[d]=a;b.0.push(c) ;for(a=@;a<b. 5. length;++a) {var e=b.a[al;e.2.push(c.call(null,e.a))} click"==da&0(b, "keydown")}};P. prototype. 1=Ffunction(b){return this.j[b]};var V=function(b,d){var s=new ka(d),c;a:{for(c=8;ccs.a.length;c++)if(S(b.a[c],d)){c=10;break
ayc=!1}iF(c)return b.g.push(a),a;T(b,8);b.a.push(a);U(b) jreturn a},U=function(b){for (var d=b.g.concat(s.a),a=[],c=[],e=8;e<b.a.length;++e}{var f=b.a[e];l(f,d)?(a.oush(F),X(F)):c.push(f) for(e=B;e<b.g.length;++e)F=b.gle],W(f,d)?a.0ush(F): (c.push(£),T(b,¥));5.a=c;b.g=a}, T=Function(b,d)
{ver a=d.a;cas&(a.style.cursor="pointer");for(a=0;a<b.0.length;++a}d.g.push(b.olal.calllnull,d.a})},Y=Function(b,d}{b.h=d;5. 134
6/(8<b.1. lengthagd(b. 1), b. i=null)}, ka=function(b){this.a b;this.g=[]},5 function(b,d){for({var a=b.a,c=d;a!=c&c.parentlode;)c=c.parenthode;return a==c},k=function(b,d){for(var a=e;a<d.length;++a)if(d[a].a!=b.38&5(d[al,b.a)}return!@;return 1}, X=Ffunction(b){for(var d=8;d<b.g.length;+d)
{var .8,0=b.2[d];5. removeEventListeneria. removeEventListener(c 1,c.capture):a.detachEventasa.detachEvent( "on"+c.m,c.1)}b.g=[1};var Z=new
P;V(Z, window. document . documentElenant );0(Z, "c1ick™ ) 3007, “Focus");0(Z, “Focusin®) ;0(Z, "blur" ) ;0(Z, "Focusout”) ;0(Z, "error®) 10(Z, "laad™);0(Z, "change® ) 0(Z, *dblclick™) ;0(Z, "input™);0(Z, "keyup™) 007, "keydoun™) ;0(Z, "keyprass®) ;0(Z, "mousedown”);0(Z, "moussenter® ) ;0(7, "nouseleave™);0(Z, "
ut");0(Z, "mouseover™) ;0(Z, "mouseup™ ) ;0(Z,"paste");0(Z, "touchstart” ) ;0(Z, "touchend" );0(Z, "touchcancel”) ;0(Z, "speech” ) ; (function(b){google. Jsad=Function(d){¥(b,d) };goozle. jsaac=Function(d){return V(b,d)};google. jsarc=function(d){X(d);for(var a=!1,c=8;c<h.5. length;++c)if(b.a[c]=
{b.a.splice(c,1);o=10; bresk }iF(12)for (a=d;a<h.g. 1engtn; —+a)if (0. g[a]=a=d) {b.g. splice(a, 1) ;oreak}Ulb) 1 1) (Z) swindow. gws _wizoind= functien(b){return{trigger: function(d){var a=b.1(d.type);al | (0, 4. type), a=b.1(d. type) ) svar
.target||d.srcElement;a&a. call(c. ownerDocument .documentElement, d) 3, bind: function(d) {¥(b,d)}}13(Z);}). call(this); (Function(){windaw eturn!1};}).call(this);var a=window.location,b=a.href. index0F("2");if (8<=b){var
.href.substring(b+1);/(~|&)a=/.test(c)a&-1==C.index0f( "#")&&a.replace("/search? +c.replace(/{~|&)fp=["&]*/g," ")+ &cad=h")};var Kk typeof Object.defineProperties?Object.defineProperty:function(a,e,c){a!=Array.prototype&ta! =Object . prototypeds
(alel=c.valus] T, 1="undeFinec" \=typeo? windowkknindos-==thisithis: "undefinad” I=typeo? globalanull!=glosal global:this,nefunction(s,e){if(2){for(var c=1,b=a.5p1it(". "), #=0; Fb.length-1;F++){var G=b[#1;d in ¢ || (¢[d1={});c=cld]b=blb. lengtn-1];F=c[b] ;a=2(F) ;! =FRAnu11 ! =GEAK(C,b,
{configurable: 1@, writable: 19,value: d}) }}im("String.prototype. startsliith”, function(a){return a¥a:function(e,c){if(null==this)throw new TypeError("The 'this’ value for String.prototype.startsbith must not be null or undefined”);if(e instanceof RegExp)throw naw TypeError("First argument
to String.prototype.startshith must not be a regular expression”)jvar b=this+™";e+="";for(var f=b.length,d=c.length,h=Math.max(e,Math.min(c|®,b. length)), g=1; g¢d88N<F; )iF(b[h++]!=e[g++])return!1;return g3=d}});google.armt=Ffunction(a)
{a.href=document. getElementById(z.id. substring(a.id.startsWith("ves")?3:1)) . href;return!@}; (Function(){var g=function(a,b){this.g= 280 | |"";this.i=F};g.prototype.1=10;g. prototype. j=function(}{return this.g.toString(}};var h=/~(2:(2:https?|mailto|fto):|[™: /241 (2: [/22]1(8)) /1, %=
{1se={}jvar 1-/*((market | itms|intant|itms-appee) i\/\/)/1,mefunction(a){var bja instancesf g|||1.tast(a)3b=a:b=new g(e,a);raturn b);var n-function(a,b){i(b instanceof g)var L ¢ instanceof g||(c="object"==typeo? c&&c.1?c.3():String(c),h.test(c)]|
(c="zbout:invalid4zClosurez"),c=new g(e,c));a.href=c instanceof gd&c.constructor===g&ic.i===Ffic.g:"type_error:Safelrl"};function o(a){return a?(s=a.getAttribute("data-ved"))? "ty Function g(a){return new Promise(function(s){try{var c=new
WHLHttpRequest;c.open( "GET", a) j¢.onreadystatechange=function() {4==c. readyStatedss ()} ;c.5end()Feateh (k) {b()}}) Hunction r{a){return z.gethttribute("data-cks")?"&cts="+(new Date).getTime():""};google. susb=Function(a){if(!a)return google.ml(Error("a"
sbv2")){var b=a.href,c=/[3&]adurl=([*&]+)/.exec(b) ;if(c8&/[?&]ae=1(&|$)/. test(D)}&&!/[?&]dsh=1(&|$)/ .test (b} )try{var k=b.length;var d={a:b.slice(@,k)+"&act=1"+b.slice(k),h:decodeURIComponent(c[1])}}eatch(t){d=null}else d=null;ds&(b=a.getAttribute("data-sbd"),"1"=
(b=d.a+"&ri=B&shc="+b+"&ictx=1"+r(a), navigator. sendBeacons&navigator . sendBeacon(v, ") ?n(a, m(a. href+"&ri=8")) :n(a,m(a.href+"&ri=18")),a. hasAttribute("data-fetcn™ )58
Bictx= 1"+r(a) feten(a, {method "GET" keapalive 123))): (b-0, 3 dataset . anpAdaa(c=s: (c=/ [#&1ved=(["a1+)/ exec(a.ref)) 3c[1]; 12-dataset.ved=c,s.dataset. amoc¥b=1:5 . dataset. anpdki(b=2), 01 =bAR(c=d . 3+"Eri=5", 2-=bLi
yin(a,m(d.h))in(a,m(a.href+"&ri=2")) n(a,m(a. href+"ari=16"))))) jelse d="",a.getAttribute("data-arut") s, 1dis
_getattriblte("data sbt“), .getAttribute( " data-sbe") , biscaanavigator. sendBeaconsinavigator . sendBeacon(bed+"8bt: ")3n(a,c):a.hrefr="8bt=2";return!@};}).call(this); (window[ 'gbar’ J=window[ 'gbar'1||{})._CONFIG=
9,[3,2,".40.", 1380102, 3700381, 3700651", "269524293", "8" ], "40402", "Cri1Xan) AonSsAFhE0eYCu", 8,8, "0g. 0g2. 1023xa7y fuay6. L. W.0", "AA2YrTtzOXE4151RFmiazDaL 52120WWGvg ", "AARY rTT4kxhwd 7k -
CHEnull,null,"1%, "1",81,nul1,0, ["m; /_/scs/abc-staric/ /s /kegapi.gapi. en. ACFxAMSVXa0. 0/d=1/ re=AHDO00BS kaV IHBSUGGRXC N Lhzukwar 7Ag /me_ Features_ ", nttps://apis.google.com”, ", 1", "1","* null,1,"es_plusone gc_20199503.0 08"
["1%,"gei_31£3075506a6b787dec 2840626623824, 15", "2o0gleanis. c1iant splusona :gapt . ifranes”, *0", "an' ], ["1", "1 franes- styles-clida-menu® , "ntens”, "plus.google. con”, ", "/u/@] _/socialgraph/circlepicker/menu”, "hi=en"],null,null, [@.009999539776482582, "ch" , "1",
fnull, ", 6", null, 1, 5184860, nu1l,null, ", 0,1, ", 8,0,8,8,8,01,null, [[","", 8", 8,8,-111,nu11,8, null, null, [ "5@61451%, "google\ . (com| rul ca by | k= | comyy x| comyy €75, 111, [*¥18s (default)”,"Brand Account®,d, %135 (delezatad)”,1,null,56, "httos: //wme, google. com/webhp?
cuthusersSauthuser”, null, null,null, 1, “ntips :/ /accounts. google., con/ListAccounts?1istPages=0\ug026pia=1\ud026gps ia=1\uB026s0ur ca=ogh\uBB26n0=14u0B26m=14u0826N1=2n" 8, "Cashbaare” , null, ull,null,null, "Profile”, "B, null, "Signed out","nttps://accounts.google. con/Accountthooser?
source=ogh\u@2scontinuesscontinue\ude26Email=senail”, "httos://accounts. google . com/RemoveLocalAccount 2source=ogb”, "REMOVE", "SIGH IN",,9,1,8,1,0,8, "808770F 2030CA4E6ODA7O5295FE1ACFADIB1CE18F1311EA493 : 1 1569305098044 ,null, 157, "Session

expired”,null,d,"https://docs.google. com/picker™,"Visitor”,null,"Default","Delegated”,"Sign out of all accounts”,81,[1,1,1,null,"8","jitac_david.zhang@roche.com","* , "AJPGIdTBNEUkNey eNRFKbGDODEECChlVSFREZL quHk XDEegFHCp7 (50pUtcd1E 1nesDzak40gVE-1000cha_Ke3U2_Didg" 1,

=c| |

GUSED

1),'8;i¢ (a. getAttubute("dati

ol "

"en”,null, @],

[1,0.001200008047497451,11, [1,@. 1860800914301161,2,1,8.5], [1,"https: / /wnw.googleapis . com/appsmarket /v2/instal ledApps /61 Td INLFESSBGEDMBPTEL SXTv 31 uehResHToxQMNKB18L t14toL KV1oT3xsCT 2domainliame=roche. com” ,aull, "roche.com”, 1, "There was an error loading your Marketplace spps.”,"You have

nn Markstnlare anms ® 1 [1 "htens. /fune eonsls ch/lushhnitahs)

MSearcht MM M0 13Anwt anll @1 anlloanll aull @ TF1 "K1€s Af 5= "E1Sc Af %25 +ha mors sactinn®l1l mull A1 F1 F144 11 FA 1 f01at] 1 [elaen1l

\’/\_’\|/
>/|\/|\<
QAL
TN

=
»C
m—
-



This work is licensed at AMIDD.ch under a Creative Commons
Attribution-ShareAlike 4.0 International License.

Contact the author



http://amidd.ch/
mailto:jitao_david.zhang@roche.com?subject=Mathematics In Drug Discovery: A practitioner's view
https://creativecommons.org/licenses/by-sa/4.0/

« The central dogma of molecular biology lies in the core of modern drug discovery

- Biological sequence analysis is used to
- Understand encoding of biological information
- Compare between genes and between spcies
- Develop new drugs

* We will highlight Dynamic Programming and the Markov Chain as examples



Questions on the video on Herceptin by Susan Desmond-
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Hellmann

What is the indication of Herceptin? What is its generic (USAN, or United States Adopted Name) name?
What is the gene target of Herceptin?

In which year was the target of Herceptin described? When was Herceptin approved?

What was the improvement of Herceptin compared with earlier antibodies?

Why does a biomarker matter besides developing drugs?

In the clinical trial of Herceptin for metastatic breast cancer, how much improvement in the median survival did Herceptin
achieve? And how much improvement is in the adjuvant setting (Herceptin applied directly after operation)?

Questions for further thinking

Susan Desmond-Hellmann summarizes great drug development in four key concepts: (1) Having a deep understanding of the
basic science and the characteristics of the drug. (2) Target the right patients. (3) Set a high bar in the clinic. (4) Work
effectively with key regulatory decision markers. Where do you think mathematics and informatics play a crucial role?

She emphasized the importance of collaboration. What skillsets do we need for that?

How do you like her presentation? Anything that you can learn from her about presentation and story telling?
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A single-nucleotide difference can lead to huge difference
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P
~N 53—*r~ 53 r«ﬁ% anQFf..gf
ﬂ“é $30R% Uso E1RHOKS
&éagguﬁgé $3920320883
High mimic-ctrl
01 5 mimic-200b
< mimic-200¢
§ 0 mimic-429
15 mimic-200a

mimic-141

Chr 1p36.33 Chr 12p13.31

miR-200b UAAUACUGCCUGGUAAUGAUGA
miR-200c UAAUACUGCCGGGUAAUGAUGGA & BUTR
miR-429 UAAUACUGUCUGGUAAAACCGU

3.UTR Target site (4915-4921)

1 PLCG] (NM 002660 ! 5493
miR-200a UAACACUGUCUGGUAACGAUGU
miR-141 UAACACUGUCUGGUAAAGAUGG b c colidied 200¢ il 200bc/429

hsa-miR-200¢ GGGCC -.'. UAAD mimics inhibitors
R PLCy1
H. sapiens UCAUGUUAAAAAUAGESUNE R e e -
P troglodytes LCAyGJuAMMLA“""f Sln (150 kDa)
M. musculus UCAUGAUAAAAAUAGRAGUAUNY B-actin
R. norvegicus  UCAUGUUAGAAAUAGEAGUALH (42 kDa) ’- —
.................

C familiaris UCAUGAUAA--AUA ‘;?:‘r'w‘r.
PLCG1 target site MDA-MB-231 MCF-7

Uhlmann et al, Oncogene, 2010

A single nucleotide change leads to distinct effects of miR-200bc and -200a in breast cancer cells



Questions about Bollag et al., Nature 2010

1. What is the indication of PLX4032?

2. What is the gene target of PLX4032?

3. The maglinancy depends on which biological pathway?

4. What is the Mechanism of Action of PLX4032?

5. What went wrong in the first Phase I clinical trial? And how was it solved?

6. What was the dosing regimen in the final Phase | clinical trial, and what is the response rate?
Questions for further thinking

» Susan Desmond-Hellmann summarizes great drug development in four key concepts: (1) Having a deep understanding of the
basic science and the characteristics of the drug. (2) Target the right patients. (3) Set a high bar in the clinic. (4) Work
effectively with key regulatory decision markers. What parts of this abstract reflect these points?

« Susan Desmond-Hellmann emphasized the importance of collaboration. Is that true when you consider this abstract?

 How do you like the abstract? Anything that you can learn from it about writing?
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A single-amino-acid difference in BRAF gene may mean longer
survival of melanoma patients given the correct treatment

McArthur, Grant A., Paul B.
Chapman, Caroline Robert,

James Larkin, John B. Haanen,

Reinhard Dummer, Antoni
Ribas, et al.

Safety and Efficacy of
Vemurafenib in BRAFV600E
and BRAFV600K Mutation-
Positive Melanoma (BRIM-
3): Extended Follow-up of a
Phase 3, Randomised,
Open-Label Study

The Lancet Oncology 15, Nr. 3
(1. Méarz 2014): 323-32.
https://doi.org/10.1016/S1470-

2045(14)70012-9.
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Owerall survival (%)

30
20
10

0
0

Number at risk
Vemurafenib 337
Dacarbazine 338

100 = o

HR 0-70 (95% C1 0-57-0-87); p=0-0008

| | | | | | | I | | I I | | |
3 6 9 12 15

Time (months)

326 280 231 178 109
244 173 111 79 50

— Vemurafenib
—— Dacarbazine

Figure 2: Overall survival (randomised population; censored at crossover) for patients randomly assigned to vemurafenib or to dacarbazine (cutoff Feb 1, 2012)


https://doi.org/10.1016/S1470-2045(14)70012-9

Vemurafenib (Zelboraf, PLX4032)
V600E mutated BRAF inhibition

* V600E: Valine (V) on the amino-acid
position 600 is substituted by
glutamic acid (E).

* View the 3D structure of the molecule at
PDB ligand database

* View the X-ray structure of BRAF in
complex with PLX4032 on PDB: accession
number 30G7.

* Find more information about the discovery
and clinical efficacy of vemurafenib in the
handout.

CVAOUVLNARIMAM VNLLLOPFITS IThhrFJLALYIY WoCJaI3LTOMN

5608 570 560 590

LOLLCIkCCIE

608

IKLIDIARQT AQGMDYLHAK SIIHRDLKSMN NIFLHEDLTV KIGDFGLATWV

ATR ARG AR AAR

A5A

Fragment of BRAF protein. Source: UniProtKB, P15056 (BRAF_ HUMAN)

Source: https://commons.wikimedia.org/wiki/File:Vemurafenib_structure.svg



https://commons.wikimedia.org/wiki/File:Vemurafenib_structure.svg
http://www.rcsb.org/ligand/032
http://www.rcsb.org/structure/3OG7

Evolution
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Phylogeny of commonly used species for animal studies

Oryctolagus cuniculus

Cricetinae gen. sp.

—Mus musculus

—Rattus norvegicus

—~Homo sapiens

_—Pan troglodytes

Macaca fascicularis

—Canis lupus familiaris

—Sus scrofa

Gallus gallus

Danio rerio

Tree structure retrieved from https://itol.embl.de/ (iTOL, Interactive Tree of Life), visualized with the Fig7ree software by Andrew Rambaut

rabbit

hamster

chimpanzee
cyno
dog
pig
chicken

zebrafish
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https://itol.embl.de/
http://tree.bio.ed.ac.uk/software/figtree/

DNA

Photo 51, X-ray diffraction
image of DNA

Franklin R, Gosling RG (1953)
"Molecular Configuration in Sodium
Thymonucleate". Nature 171: 740-741.

Hydrogen bonds ‘
Nitrogenous bases: ) Thymine o _HoN Ade;:mlne .
3 5’ D Adenine o 9 o “ﬁ OH
=X Thymine ~p’ / 1 N N
mm Guanine O © o N =N O Oe
==X Cytosine § D :‘O
_Ho2N
O, N
o \D ----- N
~ Base pair eo o. N / NH >—N O O‘FICEO
=§\]H---"'O Cytosine 5
Sugar- o Guanine 5 o
phosphate | | Il I |1 I I
backbone
Sugar-phosphate Bases Sugar-phosphate
3 5 backbone backbone
0]
N
N
H_< | )\
N N/ NH,
ﬁ Nitrogenous base
O‘—Z—O—CHQ 0]
Phosphate
OH
Sugar

From the text book OpenStax Anatomy and Physiology, discovered through

Wikimedia, reused under the CC license.
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RNA structure

0 1
.
Sequence conservation

Downloaded from https://en.m.wikipedia.org/wiki/File%3AHARTF _RF00635 rna_secondary_structure.jpg. Original work by
wikipedia user:Ppgardne. Used under CC-SA 3.0 license.
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https://en.m.wikipedia.org/wiki/File:HAR1F_RF00635_rna_secondary_structure.jpg

From amino acids to proteins

Amino acid (1) Amino acid (2)

N-terminus C-terminus
https://commons.wiki
P media.org/wiki/File:Pe
Peptide bond . H | ptidformationball.svg
|
h oy
H
Water

Dipeptide
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https://commons.wikimedia.org/wiki/File:Peptidformationball.svg
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* General biological sequence analysis

- EMBOSS software suite: http://emboss.sourceforge.net/, also available online at European Bioinformatics Institute (EBI):
https://www.ebi.ac.uk/services

— BLAST (=Basic Local Alignment Search Tool) can be run at many places, for instances from EBI and National Center for
Biotechnology Information (NCBI): https://blast.ncbi.nlm.nih.gov/Blast.cqi

- Programming access, for instance the Biopython project: https://biopython.org

* RNA biology
- ViennaRNA package (https://www.tbi.univie.ac.at/RNA/)

— RNA processing tools available at U Bielefeld, for instance RNAhybrid, which finds minimum free energy hybridization
using dynamic programming (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid)

* Profile Hidden Markov Models (HMMs)
- The HMMER package: http://hmmer.org/



http://emboss.sourceforge.net/
https://www.ebi.ac.uk/services
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://biopython.org/
https://www.tbi.univie.ac.at/RNA/
https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid
http://hmmer.org/

NN
0N

>/|\/|\/
AN

Nl

The Euler Project

=}
»C
w2
m—
-

Project Euler

Archives Recent News Register Signlin

About Project Euler
What is Project Euler?
Project Euler is a series of challenging mathematical/computer programming problems that will require more

than just mathematical insights to solve. Although mathematics will help you arrive at elegant and efficient
methods, the use of a computer and programming skills will be required to solve most problems.

The motivation for starting Project Euler, and its continuation, is to provide a platform for the inquiring mind to
delve into unfamiliar areas and learn new concepts in a fun and recreational context.

https://projecteuler.net/

~

- Learnining by problem-solving Problem 1: Multiples of 3 and 5

If we list all the natural numbers below 10 that are multiples of
3 or 5, we get 3, 5, 6 and 9. The sum of these multiples is 23.

* Free

« Math + CS

Find the sum of all the multiples of 3 or 5 below 1000. /

16



https://projecteuler.net/

N
Rosalind: a great scientist, and a platform for learning o
bioinformatics and programming through problem solving
R@SALIND http://rosalind.info/problems/locations/

A Rapid Introduction to Molecular Biology

Problem

A string is simply an ordered collection of symbols selected from some alphabet and formed into a word; the length of a string is the number of symbols
that it contains.

An example of a length 21 DNA string (whose alphabet contains the symbols ‘A", 'C’, 'G', and 'T') is "ATGCTTCAGAAAGGTCTTACG"
Given: A DNA string s of length at most 1000 nt.

Return: Four integers (separated by spaces) counting the respective number of times that the symbols 'A’,'C','G', and 'T' occur in 8.

Sample Dataset

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC

Sample Output

Rosalind Elsie Franklin

20 12 17 21

1920-1958

Please login to solve this problem.


http://rosalind.info/problems/locations/

Further resources

Biological Sequence Analysis by Durbin, Eddy, Krogh, and Mitchison

[Teaching RNA algorithms](http://rna.informatik.uni-
freiburg.de/Teaching/) by Backofen Lab at U Freiburg, with [source
code](https://github.com/BackofenLab/RNA-Playground) available.

The website hosts among others an interative tool to visualize how dynamic programming (DP) helps to
predict RNA secondary structure.

For a gentle introduction, see also How Do RNA Folding Algorithms Work? by Eddy, Sean R, Nature
Biotechnology 22, Nr. 11 (November 2004): 1457-58. https://doi.org/10.1038/nbt1104-1457.

[An Introduction to Applied Bioinformatics](http://readiab.org/) by Greg
Caporaso (NAU)

The tutorial is written in Python using Jupyter. It introduces concepts in (a) pairwise sequence
alignment, (b) sequence homology searching, (c) generalized dynamic programming for multiple
sequence alignment, (d) phylogenetic reconstruction, (e) sequence mapping and clustering, as well as
(f) machine learning in bioinformatics. Applications and exercises are also available.

Biological
sequence
analysis

Probabilistic models
of proteins and
nucleic acids

R. Durbin

S. Eddy

A Krogh

G. Mitchison

aiehiedebaiedetet 2 2 2 2 2o

, - -

b
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https://doi.org/10.1038/nbt1104-1457
http://readiab.org/
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Course information

* Lecturer: Jitao David Zhang

jitao-david.zhang@unibas.ch (Email)

 Website: amidd.ch

* Thirteen lectures this semester

Introduction to drug discovery (1 session)
Molecular level modelling (2 sessions)

Omics- and cellular level modelling (2 sessions)
Organ- and system-level modelling (1.5 sessions)
Populational level modelling (1.5 sessions)

Case studies (1 session)

Invited guest speakers (2 sessions)

Dies Academicus

Near-end-term presentations (2 sessions)
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Fridays 12:15-14:00, two sessions of ~45 min each.

No exercise hour yet; pre-reading and post-reading articles,
as well as videos, are shared and recommended.

We focus on interdisciplinary research with mathematics as
the language and informatics as the tool.

Both slides and board are used. Slides and notes are shared.

The final note is given by participation (20%), presentation
(30%), and an oral examination (5000).

The oral examination will be about concepts that we learned
together, and about explaining mathematical concepts (or
concepts in your domain of experts) to a layman.

Questions?

I am glad to share my expertise in drug discovery, and to learn from you!



mailto:jitao-david.zhang@unibas.ch
http://amidd.ch/

Please introduce yourself!

Name?
Background?
Which part of mathematics (or other background) are you mostly interested in? Why?

What do you want to take away from this course?

23
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1. What is the indication of ZYRTEC? What is its generic name?
2. What is the gene target of ZYRTEC?
3. How much time does ZYRTEC reaches maximum concentration following oral administration?

4. How long do normal vonlunteers have to wait until the skin wheal and flare caused by the intradermal injection of histamine is
inhibited after taking 10mg ZYRTEC?

5. What types of adverse reactions are observed in volunteers taking ZYRTEC?

6. Is there a biomarker for ZYRTEC?

Questions for further thinking

« What are the commonalities between Herceptin and Zyrtec, and what are the differences?



